I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Contemporary restorative techniques are based on the adhesive properties of resin-based materials. Following the pioneer approach of Buonocore in 1955, evolution of adhesive techniques has transformed the scope of dental practice over the past two decades.\[[@ref1]\]Among the direct tooth-colored restorative materials, resin-based composite provides the best mechanical properties capable of replacing biological tissues in both function and appearance\[[@ref2]\] As with other materials, resin-based composite has its own limitations, the most significant problem being durability. Premature loss of bond strength is one of the problems that still affects adhesive restoration and markedly reduces its durability.\[[@ref3]\]

In this context, it has been speculated that a decreasing concentration gradient of resin monomer diffusion within the acid-etched dentin and a subsequent resin elution from hydrolytically unstable polymeric hydrogels within the hybrid layers leave the collagen fibrils unprotected and vulnerable to degradation by endogenous matrix metalloproteinases (MMPs).\[[@ref4]\]

MMPs are a cell-derived, zinc- and calcium-dependent proteolytic enzyme family, with 26 identified members. They are capable of degrading all extracellular matrix components. Specific enzymes of this family can function beneficially during tissue remodeling and during formation of the extracellular matrix or the mineralization of dentin. Human dentin contains collagenase (MMP-8), gelatinases (MMP-2 and -9), and enamelysin (MMP-20). Dentin collagenolytic and gelatinolytic activities can be suppressed by protease inhibitors, indicating that MMP inhibition could be beneficial in the preservation of hybrid layers\[[@ref5]\]

Gendron *et al*.\[[@ref6]\] demonstrated in an *in vitro* study that application of chlorhexidine is known to have a broad-spectrum MMP-inhibitory effect.

Current adhesive systems commonly used are the total-etch technique or the self-etch technique; hence, our study aimed to evaluate the shear bond strength and mode of failure of total-etch and self-etch bonding agent on human dentin with and without application of 2% chlorhexidine gluconate (CHX).

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

For performing this study, 80 sound human premolars extracted for orthodontic treatment were chosen. Teeth with caries, cracks/physiologic wear, restoration, and developmental anomalies were excluded from the study. After extraction, the teeth were rinsed with saline and cleaned with a scalar tip followed by thorough prophylaxis using rubber cup and pumice slurry. Then they were stored in 10% formalin until use. The teeth were mounted in cold-curing acrylic resin. The occlusal enamel of the samples were removed perpendicular to the long axis of each tooth using a low-speed diamond saw (5000 Buehler; Isomet, Lake Bluff, IL) under water coolant to expose the mid-coronal dentin. The prepared teeth were randomly divided into four groups of 20 samples each. In the total-etch control group, 37% phosphoric acid was applied for 15s, acid gel was removed and rinsed for 15s, excess water was removed by blot drying, two consecutive coats of adhesive were applied, waited for 15 s, and gently dried. The adhesive was left undisturbed for 5 s to allow the solvent to evaporate, and was light-cured for 20 s. In the self-etch control group, the adhesive was applied sufficiently wetting all dentin surfaces uniformly; it was gently agitated for 20 s, solvent was evaporated thoroughly by air blowing until there was no more movement of the adhesive, and then was light-cured for 20 s. In the total-etch experimental group, 37% phosphoric acid was applied for 15 s, acid gel was then removed and rinsed for 15 s, and excess water was removed by blot drying. 2% CHX was applied using a microbrush saturated with the solution for 60 s and excess was removed with a blotting paper, leaving the preparation surface visibly moist. This was followed by application of two consecutive coats of adhesive, waited for 15 s, and gently dried. The adhesive was left undisturbed for 5 s to allow the solvent to evaporate and was light-cured for 20 s. In the self-etch experimental group, CHX was applied using a microbrush saturated with the solution for 60 s and excess was removed with a blotting paper, leaving the preparation surface visibly moist. Adhesive was applied sufficiently wetting all dentin surfaces uniformly, and it was then gently agitated for 20 s. The solvent was evaporated thoroughly by air blowing until there was no more movement of the adhesive and then it was light-cured for 20 s.

A custom-designed rig \[[Figure 1](#F1){ref-type="fig"}\] was fabricated to place composite on samples. The rig comprised 3-mm-high cylindrical mold with an internal diameter of 2.5 mm, which was stabilized on a metal holder. The samples were placed on silicone holder above which the cylindrical mold was stabilized firmly on the dentin surface of the samples to prevent vibrations during placement of composite. Equal amounts of composite resin (Filtek Z350 XT 3M ESPE) was measured with a scoop, placed in increments of 1 mm, and cured (Bluephase G2 LED curing light; Ivoclar Vivadent Inc.Schaan; Liechtenstein) after each increments for 40 s. This entire process was conducted in an incubator (ESCO, Hatboro, PA) set at 37°C. The prepared samples were placed in distilled water at 37°C for 24 h. The samples were then thermocycled between 5°C and 55°C in water with a dwell time of 30 s at each temperature to a total of 10,000 cycles (SCTIMST, Trivandrum, India). The shear test was performed using universal testing machine (Instron Z020; Zwick/Roell, Ulm, Germany). To test, a wire loop at a cross head speed of 1 mm/min was used to load the specimens until fracture. The shear bond strength was calculated in megapascals. After testing, the fracture modes were evaluated using stereomicroscope (Stemi 2000 C; Carl Zeiss, Oberkochen, Germany) at ×10. The failure modes were categorized as adhesive failure, cohesive failure in dentin, cohesive failure in composite, and mixed failure as shown in [Figure 2](#F2){ref-type="fig"}.

![Custom-designed rig](JPBS-11-325-g001){#F1}

![Stereomicroscope images showing different modes of failure](JPBS-11-325-g002){#F2}

Statistical analysis {#sec2-1}
--------------------

For statistical analysis, SPSS, version 20, software (SPSS, Chicago, IL) was used and all the experimental groups were compared statistically using one-way analysis of variance (ANOVA) test. Bonferroni test was conducted to find statistical significance within the groups. Independent *t* test was conducted to compare the two control and experimental groups. In both the groups, a *P* value of \<0.01 was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

One-way ANOVA test was conducted \[[Table 1](#T1){ref-type="table"}\] to find whether there was any significant difference between the mean shear bond strength of four groups, which was found to be statistically significant (*P* = 0.000). Bonferroni test was conducted to verify whether the difference is statistically significant between the groups \[[Table 2](#T2){ref-type="table"}\]. The result showed that all the pairs differ significantly except Group 1 (total-etch) and Group 4 (self-etch + CHX). Independent *t* test \[[Table 3](#T3){ref-type="table"}\] showed that both the experimental groups showed a higher mean shear bond strength than that for the control group, which was statistically significant. [Graph 1](#F3){ref-type="fig"} shows the graphical representation of mean shear bond strength of all the four groups.

###### 

One-way analysis of variance (ANOVA) for various group comparison

  Groups             *n*   Mean    Standard deviation   *P* value
  ------------------ ----- ------- -------------------- -----------
  Total-etch         20    28.25   2.531                0.000
  Self-etch          20    25.15   3.281                
  Total-etch + CHX   20    46.20   2.546                
  Self-etch + CHX    20    29.45   1.761                
  Total              80    32.26   8.631                

CHX = 2% chlorhexidine

###### 

Bonferroni test comparison of mean shear bond strength between four groups

  Group              Mean + SD      *P* value
  ------------------ -------------- -----------
  Total-etch (MPa)   28.25 ± 2.53   0.002
  Self-etch (MPa)    25.15 ± 3.28   
  Total-etch (MPa)   28.25 ± 2.53   \<0.001
  Total-etch + CHX   46.20 ± 2.55   
  Total-etch (MPa)   28.25 ± 2.53   0.090
  Self-etch + CHX    29.45 ± 1.76   
  Self-etch (MPa)    25.15 ± 3.28   \<0.001
  Total-etch + CHX   46.20 ± 2.55   
  Self-etch (MPa)    25.15 ± 3.28   \<0.001
  Self-etch + CHX    29.45 ± 1.76   
  Total-etch + CHX   46.20 ± 2.55   \<0.001
  Self-etch + CHX    29.45 ± 1.76   

CHX = 2% chlorhexidine

###### 

Independent *t* test comparison between control and experimental groups

  Group          No of samples   Mean Shear Bond strength (MPa)   Standard deviation
  -------------- --------------- -------------------------------- --------------------
  Control        40              26.70                            3.291
  Experimental   40              37.83                            8.753

![Mean shear bond strength of all four groups](JPBS-11-325-g003){#F3}

Distribution of the failure mode {#sec2-2}
--------------------------------

The mode of failure percentage was calculated \[[Table 4](#T4){ref-type="table"}\] and no failure in the adhesive interface was found in the total-etch with CHX group, but the self-etch with CHX group had 30% failures. Among the control groups, total-etch showed only 30% failure in the adhesive interface, whereas self-etch showed around 55% failure.

###### 

Distribution of the failure mode

  Group              Adhesive, *n* (%)   Cohesive in dentin, *n* (%)   Cohesive in composite, *n* (%)   Mixed, *n* (%)   Total (%)
  ------------------ ------------------- ----------------------------- -------------------------------- ---------------- -------------
  Total-etch         6 (30.0%)           0 (0.0%)                      10 (50.0%)                       4 (20.0%)        20 (100.0%)
  Self-etch          11 (55.0%)          0 (0.0%)                      4 (20.0%)                        5 (25.0%)        20 (100.0%)
  CHX + total-etch   0 (0.0%)            2 (10.0%)                     10 (50.0%)                       8 (40.0%)        20 (100.0%)
  CHX + self-etch    6 (30.0%)           2 (10.0%)                     5 (25.0%)                        7 (35.0%)        20 (100.0%)

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Mazzoni *et al*.\[[@ref7]\] showed for the first time that the intrinsic MMP activity in the hybrid layer is promoted by etching and adhesive application. These authors observed that unequal enzyme activity in the hybrid layer is intense and continuous at the bottom and irregular at the top. It has been shown that MMP-2 can be released by an etch-and-rinse adhesive and degrade the interfaces of restorations under clinical conditions. Dutra-Correa *et al* reported that bond degradation by endogenous MMP may not be a problem with mild self-etching adhesives.\[[@ref8]\]

Gendron *et al*.\[[@ref6]\] proposed two different mechanisms of action involved in MMP inhibition---a chelating mechanism that sequesters metal ions such as calcium and zinc that inhibit catalytic activation of MMP-2 and MMP-9, and by the interaction of CHX with the essential sulfhydryl groups and/or cysteine present in MMP-active sites in the case of MMP-8.

The results of this study confirm previously published findings that resin--dentin interfaces bonded with total-etch adhesives and self-etch adhesives can degrade after short periods.\[[@ref9][@ref10]\]

One mechanism of degradation proposed in the literature is the incomplete impregnation of resin into the collagen network and hybrid layer itself.\[[@ref9]\] It has recently been speculated that the autodegradation of dentin collagen fibrils is responsible for such findings.\[[@ref9]\]

Ercan *et al*.\[[@ref11]\] by evaluating the effect of CHX on human dentinal surface after 24 h in total-etch and self-etch adhesives reported no significant difference on the shear bond strength with the control groups. Hence, initial bond strength was not measured in this study and was measured only after thermocycling at 5°C and 55°C in water with a dwell time of 30 s at each temperature to a total of 10,000 cycles.

The present results revealed that CHX application prior to the two tested adhesives showed significantly higher shear bond strength; therefore, the results support complete acceptance of null hypothesis.

In the total-etch and self-etch experimental group, CHX was applied for 60 s prior to the application of adhesive, as reported in previous studies in which a significant reduction of MMP activity was seen.\[[@ref12][@ref13]\]

Total-etch adhesives showed much higher shear bond strength in both the experimental and the control group, which could be due to the involvement of 37% phosphoric acid etching. 37% Phosphoric acid demineralized dentin to a depth of 3--5 µm; the hydroxyapatite-free hybrid layer shows wide open tubules filled with deeper resin tags and densely filled with silica nanofillers, presenting a higher shear bond strength.\[[@ref8]\] Hence, CHX application after etching in this group leads to an added advantage of effectively improving the durability this bond strength.

It has been shown that self-etch adhesives can activate MMPs, resulting in degradation of suboptimal infiltrated collagen and loss of bond strength.\[[@ref14]\] This could have resulted in least shear bond strength and higher failure rates in the adhesive interface.

Pretreatment of the self-etch group with CHX improved the shear bond strength as CHX has excellent rewetting capacity and a strong affinity to tooth structure, which is thought to improve the bond strength to dentin.\[[@ref15]\]

Lafuente\[[@ref16]\] reported the beneficial effect of CHX on the stability of hybrid layer formed by an etch-and-rinse and a self-etch adhesive.

37% Phosphoric acid etching has a depth of penetration up to 5 µm in the unaffected dentin.\[[@ref8]\] This could lead to higher depth of penetration of CHX during its application and also to deeper resin tags formation; its preservation might have led to least failure in the adhesive interface in the total-etch with CHX group in this study. On the other hand, the depth of penetration of self-etch adhesives is only 2 µm.\[[@ref8]\] This would have resulted in weaker resin tags and more failures in the adhesive interface.

According to Pashley *et al*.\[[@ref4]\], degradation of dentin collagen matrix occurs due to slow release of active MMP-2 (or other proteolytic enzymes) from the mineralized dentin matrices during storage, which could be the reason for reduced bond strengths of control groups.

In order to standardize the study, a single operator performed the entire study to minimize the operator-influenced bias. Teeth selected for the study were mostly from the donors who underwent orthodontic extraction. A rig was fabricated for the placement of composite resin, and equal increments of composite resin were placed after measuring with a scoop. Also, the study used only one composite (Filtek Z350 XT 3M ESPE) as the flexural strength and coefficient of thermal expansion may vary for different composites.\[[@ref17]\]

The study showed much higher shear bond strength than that of the similar studies, which could be due to the elimination of microvibration during placement and curing of the composite resin with the help of a customized self-stabilized rig used in the study. The use of this rig to place composite on the samples makes this study unique with minimal bias, thereby emphasizing the true effect of bonding of composites to the samples.

The efficacy of CHX to improve the shear bond strength in total-etch and self-etch adhesives, though favorable in our study, still remains the topic of discussion in aged sclerotic dentin and other clinical situations.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

2% chlorhexidine gluconate effectively improved the shear bond strength and helped in maintaining the durability of adhesive interface in both total-etch and self-etch adhesives.
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